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I by Jsuw. 75001 PARIS (FR) 



TECHNICAL FIELD 

[0001 ] The present invention relates to a method and 
an apparatus for activating a semiconductor impurity Im- 
planted In silicon carbide (SIC) and the like, for example, 
such a method and apparatus required in manufacturing 
semiconductor devices. 

BACKGROUND ART 



[0002] In a production of semiconductor devices uti- 
lizing silicon (Si), which is the most popular semicon- 
ductor material at present, generally, after adding an im- 
purity in Si by an ion Implantation and the like method, 
the Si is heated to 900 "C to 1 1 00 "C with the use of an 
electrical furnace, a flash lamp annealer, and the like, 
to activate the impurity in the Si. 
[0003] In recent years, a semiconductor device utiliz- 
ing silicon carbide (SIC) has drawn considerable atten- 
tion in the industry since such a device is excellent in 
electric power characteristics (high breakdown voltage 
and high current-carrying capacity), high-frequency 

characteristics , and resistance in an environment of 25 poOT] However, In such a prior art impurity activation 
use However, the Ion Implantation and activation of SiC by a laser annealing as described above, a laser appa- 
involve many difficulties in comparison with those of Si ■ ■ ■ .aiaserappa 



Then, impurity ions are implanted into the amorphous 
Si film, and thereafter laser annealing is carried out by 
irradiating the SI film with a laser light having a wave- 
length of 248 nm to make an impurity region to be a 
semi-amorphous state. However, although it Is dis- 
closed in the Publication No. 7-022311 that a carrier mo- 
bility can be Improved by the method when compared 
with an amorphous Si, a laser annealing for the semi- 
conductors other than the amorphous Si Is not men- 
tioned. 

[0006] A laser light conventionally used for a laser an- 
nealing for such a crystallization (activation) of a semi- 
conductor has been a laser light having a wavelength 
shorter than a wavelength causing a band edge absorp- 
tion, such as an exclmer laser, as described specifically 
In Y. Morita, et al., Jpn. J. Appl. Phys., Vol. 28 No. 2, 
(1 989) pp. L309- L31 1 . In the case of using a laser light 
having such a wavelength, electrons in the atoms con- 
stituting a semiconductor are excited and Ionized by the 
energy of the laser light, and part of the energy of the 
electrons is converted into a lattice vibration of the at- 
oms, transiently heating the semiconductor to a high 
temperature and thus promoting the crystallization (ac- 



e such difficulties, several tech- 
niques In the Impurity activation have been suggested. 
An example of such techniques is that an impurity is 
added when forming an SIC film, an ion implantation is 
earned out under a high temperature of about 500 °C to 
1000 »C, and thereafter, as disclosed in T. Klmoto, et 
al., Journal of Electronic Materials. Vol. 25, No. 5, (1 996) 
pp. 879- 884, an impurity is activated by a heat treatment 
at a high temperature of 1400 "C to 1600 °C. 
[0004] However, such methods of impurity activation 
by a heat treatment require a step of heating Si and the 
like semiconductor material with the use of electrical fur- 
nace and the like. Consequently, a relatively long time 
is necessary for the activation, and therefore it Is ren- 
dered difficult to increase the productivity. Such draw- 
backs become more conspicuous in the case of using 
:e a further highertemperature Is required in the 



ratus with a relatively large output power is required 
since efficiency in energy utilization is low, and therefore 
the manufacturing cost tends to be increased. Further- 
more, according to such a method, it is not easy to carry 
out the activation of impurity with high reliability and to 
produce semiconductor devices with desirable charac- 



devlces with desirable characteristics is difficult In the 
activation of p-type Impurities in the case of SIC. 



DISCLOSURE OF THE INVENTION 



[0006] In view of the foregoing drawbacks in the prior 
art, it is an object of the present Invention to provide a 
method of activating a semiconductor impurity in which 
the activation of the impurity can be carried out with high 
efficiency and reliability even when a laser apparatus 
with a relatively small output power is used. 

!fJ e T n \ M 1 ? r f°I™ in , theCaSe ° fSiC,re9ardin9 45 [00091 ™^ and otherobjects are accomplished in ac- 
a p-type dopant, it is difficult to form a semiconductor cordance with the present Invention by providing a 



layer in which the p-type dopant element is activated to 
a high degree. 

[0005] In view of such drawbacks, for example, Jap- 
anese Unexamined Patent Publication No. 7-022311 
discloses such a method of an Impurity activation as de- 
scribed in the following. According to this, a laser an- 
nealing is conducted by irradiating with a-laser light an 
amorphous Si film in which concentrations of carbon, 
nitrogen, and oxygen are made to be lower than certain 
values, in ordertoform a mixed region in which an amor- 
phous region and a solid-phase ordered region are 
present together without fusing the amorphous Si film. 



method for activating a semiconductor impurity in a 
semiconductor comprising a major semiconductor ele- 
ment and an impurity element by Irradiating the seml- 
1 conductor with a light, the light having a longer wave- 
length than a wavelength causing a band edge absorp- 
tion of the semiconductor. The light has such a wave- 
length that a resonance absorption is caused by a char- 
acteristic vibration in a bond of an element constituting 
the major semiconductor element and the impurity ele- 
ment. 

PO10] In the cases of prior art activation methods uti- 
lizing a light having a wavelength shorter than a wave- 
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length causing a band edge absoiption of a semicon- 
ductor, electrons in the atoms constituting the semicon- 
ductor are excited and ionized by the energy of the light, 
and part of the energy of the electrons is converted into 
the energy for a lattice vibration of the atoms. The sem- 5 
[conductor Is thereby heated transiently to a high tem- 
perature, and thus the impurityjs activated. On the other 
hand, the present inventors have found that, by Irradi- 
ating a semiconductor with a light having a longer wave- 
length than a wavelength causing a band edge absorp- io 
tion of the semiconductor, a lattice vibration between the 
impurity element and the semiconductor element can be 
directly caused, and thereby the impurity can be activat- 
ed. Therefore, according to the present invention, such 
advantageous effects are achieved that the efficiency in «s 
the activation is made to be excellent, that a laser ap- 
paratus with a small output power can be employed, and 
that a desirable impurity activation can be readily carried 
out. 

[001 1 ] More specifically, since the major semiconduc- so 
tor element is silicon carbide and the impurity element 
is one of aluminum, boron, and gallium, a light having a 
wavelength of 8 urn to 11 jim, which is longer than a 
wavelength causing the band edge absorption (in the 
case of 6H-SIC, approximately 3 eV: up to 0.41 \m), & 
may be employed, in order to readily produce a p-type 
silicon carbide semiconductor with desirable character- 
istics, in particular, in the case of aluminum, it is more 
preferable to employ a wavelength of 9.5 u.m to 1 0 um. 
[0012J According to another aspect of the invention, 30 
in irradiating a semiconductor with a laser light having 
such a wavelength as described above, the laser light 
may be focused on a focal point adjacent to a surface 
of the semiconductor, and the focal point of the laser 
light may be made to be a point between a light source 35 
of the laser light and the surface of the semiconductor 
having a predetermined distance from the surface of the 
semiconductor. More specifically, in Irradiating a semi- 
conductor with a laser light having such a wavelength 
as described above, the laser irradiation may be carried *o 
out by detecting a plume caused in the case where the 
focal point of the laser light is brought to a position ad- 
jacent to the su rface of the semiconductor from a direc- 
tion of the light source of the laser light, and controlling 
the focal point of the laser light to be such a position that <* 
the plume starts to be detected. 
[001 3] By setting and controlling the focal point as de- 
scribed above, the degree of the activation is further im- 
proved easily. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a diagram showing the steps of producing 55 
a semiconductor substrate in accordance with an 
embodiment of the present invention. 
Fig. 2 is a graph showing a concentration of Impurity 



ions in an impurity-doped semiconductor substrate 
In accordance with an embodiment of the present 
invention. 

Fig. 3 is a diagram schematically showing a con- 
struction of a laser anneal system. 
Fig. 4 is a graph showing a dependence 'on a focal 
point of a photolumlnescence spectrum of an SIC 
film in a semiconductor substrate laser-annealed in 
accordance with an embodiment of the present in- 
vention. 

Fig. 5 a graph showing a dependence on a laser 
light wavelength of a photolumlnescence spectrum 
of an SiC film in a semiconductor substrate laser- 
annealed in accordance with an embodiment of the 
present invention. 

Fig. 6 is a diagram showing the steps of manufac- 
turing an SiC diode accordance with an embodi- 
ment of the present invention. 
Fig. 7 is a graph showing electrical characteristics 
of an SiC diode accordance with an embodiment of 
the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

0001 5] Now, with reference to the figures, there is de- 
scribed an example in which aluminum (Al) ions implant- 
ed into silicon carbide (SIC) as an Impurity are activated. 

Steps of Manufacturing a Semiconductor Substrate 

P»016| First, referring to Fig. 1 , an outline of fabrica- 
tion steps of a semiconductorsubstrate, including a step 
of laser annealing, Is detailed below. 

(1) As shown in Fig. 1 (a) and (b), an SiC thin film 
2 composed of a single crystalline 6H-SiC (hexag- 
onal silicon carbide) is epitaxially grown on a sur- 
face of an SiC substrate 1 composed of a single 
crystalline 6H-SiC by utilizing a sublimation meth- 
od. The detail regarding methods and conditions for 
forming the SiC thin film 2 is not included herein, 
since known methods and conditions can be em- 
ployed therefor. The SiC substrate 1 and the SiC 
thin film 2 are formed to be n-type by doping nitro- 
gen (N) with a concentration of 1 0™ cm-a by adding 
a nitrogen gas (N 2 ) when growing the crystals. It is 
noted that the SiC substrate 1 and the SIC thin film 
2 is not limited to the ones composed of 6H-SiC, 
and other crystal structures may be likewise em- 
ployed. In addition, not only the foregoing sublima- 
tion method, but also other methods such as a CVD 
method and the like may be employed in growing a 
single crystal to form the SiC thin film 2. The doping 
of N may be omitted depending on the types of sem- 
iconductor devices to be produced using the semi- 
conductor formed according to the present inven- 

(2) As shown in Fig. 1 (c), Al ions 3 are implanted 
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into the SiC thin film 2 by ion implantation to form a neal system comprises a chamber 21 and a free-elec- 

p-type impurity-added layer (doped layer) 4 in the tron laser 22. In the chamber 21 , an SiC substrate 1 in 

vicinity of a surface of the SIC thin film 2. The ion which an SiC thin film 2 is formed and Al Is implanted 

implantation is, more particularly, carried out at a (This substrate is hereinafter referred to as simply an 

temperature of BOO °C through the following three s "SiC substrate 1 .") is to be disposed, and a wavelength 

stages of: of laser oscillation of the free-electron laser 22 is made 
to be variable. In the chamber 21 , there are provided an 

(a) an acceleration energy of 130 keV and a optical window 7, a reflector mirror 8, a lens 9 forfocus- 
dose of 1 .22 x 10 15 cm* ing and adjusting the laser light, a galvanometer mirror 

(b) an acceleration energy of 80 keV and a dose <o 1 0 for reflecting the laser light and scanning, and a sam- 
of 3.9 x 1 o<* cm* and pie table 1 1 for disposing the SiC substrate 1 . The opti- 

(c) an acceleration energy of 40 keV and a dose cal window 7, the reflector mirror 8, and the lens 9 are 
of 3.9 x 1 0 1 * cm* so as to form the Impurity- made from, for example, ZnSe. The sample table 1 1 has 
added layer 4 in which a region with an Al con- such a construction that the SiC substrate 1 can be 
centration of 102° cm* is distributed down to a « moved in a vertical direction and horizontal direction in 
depth of approximately 200 nm from the sur- Fig. 3 by means of a sample table moving mechanism 
face of the SiC thin film 2, as shown in Fig. 2. 1 6 provided with a piezoelectric actuator or a stepping 

motor and the like (not shown). In the vicinity of the sam- 
Foran impurity for forming the p-type impurity pletablell.allghtdetectorlSfordetectingaspark-like 
added layer 4, boron (B), gallium (Ga) and the like 20 light emission (plume) 14, which is generated from the 
may be used other than Al. However, regarding the surface of the SiC substrate by a laser light irradiation, 
doping to an SiC thin film; it is preferable to use Al is provided, and according to the result of the detection, 
In the case of p-type with a low Impurity level. In the movement of the sample table moving mechanism 
addition, it is also posstoletoform an n-type impurity 16 is controlled to move the sample table 1 1 In the up- 
added layer 4 by using phosphorus (P) and the like. 25 ward or downward direction. 
In this case, Al and the like may be added when 

growing the crystals of the SiC substrate 1 and the Detail of User Annealing Treatment 
SiC thin film 2 In place of adding N as described 

above. In addition, regarding such conditions of the [0019] Now, a laser annealing treatment utilizing the 
ion implantation as a temperature at the Implanta- x foregoing laser anneal system Is detailed below, 
tion, an acceleration energy and a concentration in [0020] In accordance with this laser annealing treat- 
the implantation, and a selection of using whether merit, a position of a focal point of the laser light 5 and 
one stage or multlstages for Implantation, such con- a wavelength of the laser light 5 are appropriately set In 
ditions may be determined depending upon the order to achieve a desirable impurity activation, 
constructions, the thickness of the doped layer, and as [0021] Firstly, an adjustment of the focal point is de- 
the like of the semiconductor devices to be pro- tailed. Thewavelengthofthelaserlight5wassetat10.2 
duced using the semiconductor formed according urn, and the focal point of the laser light 5 was set at 
to the present Invention. A temperature in the Im- various positions ranging from 1 .5 mm upward to -2.0 
plantation may be at room temperature, but it is mm Inward (a backside of the SiC substrate 1) with re- 
more preferable to be at 500 "C or higher, since the *o 8 pect to the surface of the SiC substrate 1 , to carry out 
Impurity are thereby activated more easily in the the impurity activation. Regarding each of the resulting 
subsequent laser annealing step. Naturally, other SiC substrates 1 , in order to confirm the degree of im- 
varlous known methods of Ion Implantation may be purity activation, a measurement of photolumlnescence 
employed. spectrum was carried out with a subjected sample tem- 
(3) As shown in Fig. 1 (d), the impurity added layer « perature of 8 K (-265 °C) with the use of He-Cd laser 
4 Is Irradiated with a laser light 5 having a wave- (wavelength: 325 nm) as an exciter light. The results of 
length of the infrared radiation range scanning hor- the measurement are shown in Fig. 4. It is noted that, 
izontally and vertically with a predetermined scan- In Fig. 4, a light emission observed in the vicinity of ap- 
ning frequency, so as to form an activated doped proximately 2.6 eV (wavelength: 480 nm) is a photolu- 
layer 6 in which the added impurity is evenly acti- so minescence by the recombination of donor (D) - accep- 
vated in the whole region. The detailed description tor (A) pair (DA pair light emission) resulting from the 
regarding this activation is included in the following. activated impurity elements in the SiC substrate 1 , and 
that the more the activated Impurity Is, the larger the in- 

Laser An neal System tensity of the DA pair light emission becomes. As seen 
55 from the results, when the focal point of the laser light 5 

[001 7] Now, the description details a laser an neal sys- is slightly (0.5 mm to 1 .0 mm) above the surface of the 

tem - SiCsubstrate 1 (represented bythe plots O and A in Fig. 

[001 8] As schematically shown in Fig. 3, the laser an- 4), the strongest DA pair light emission is observed, and 



4 



7 



EP 0 971 397 B1 



It proves that the impurity activation is most efficiently 
carried out under such conditions. On the other hand, 
when the focal point Is set Inwardly with respect to the 
surface of the SIC substrate 1 (represented by the plots 
and Tin Fig. 4), the intensity of the DA pair light 
emission Is rendered small. When the focal point is 
slightly inside the surface of the SIC substrate 1 (repre- 
sented by the plots • and A In Fig.4), the surface of the 
SiC substrate 1 was blackened, and it is considered that 
the surface of the SiC substrate 1 was modified or de- 
teriorated. From the foregoing, it is concluded that a de- 
sirable activation can be achieved by making the focal 
point of the laser light 5 slightly above the surface of the 
SiC substrate 1 . 

[0022J Such control of the focal point can be carried - 
out, for example, according to the following manner. 
That is, the state of the focal point of the laser light 5 
being slightly above the surface of the substrate 1 cor- 
responds to the state in which the plume 1 4 starts to be 



axis is placed between each spectrum corresponding to 
each of the wavelengths.) As apparent from Fig. 5, when 
the wavelength of the laser light 5 Is in the range of 9- 
1 1 urn, more particularly in the range of 9.5- 1 0 um, the 
Intensity of the DA pair light emission is high, an d there- 
fore the effect of the activation by Al is large. 
[0026] In the case of SiC, the absorption wavelengths 
corresponding to TO phonon and LO phonon in lattice 
vibration of Si-C are 1 2. 6 urn and 1 0.3 um respectively, 
and the absorption wavelength of Si-N is 1 1 ,9 um. How- 
ever, as shown in Fig. 4, the maximum DA pair light 
emission was obtained In thecases of the laser light with 
a wavelength of 9.8- 9.6 um. Therefore, it is considered 
that an absorption in the bond of Si and the impurity el- 
ement Al, or C and the impurity element Al, has a great 
influence on the activation of Al. 
[0027] In prior art activation methods, a light such as 
an excimer laser, which has a shorter wavelength than 
a wavelength that causes a band edge absorption in SiC 
generated by the irradiation of the laser light 5. There- 20 {ln the case of 6H-SIC, approximately 3 eV: up to 0.41 



fore, by detecting the occurrence of the plume 14 with 
the light detector 1 5 and accordingly carrying out a feed- 
back control so that the state of the plume starting to be 
generated is maintained by moving the SiC substrate 1 
with the sample table moving mechanism 1 6, the Irradi- 
ated surface Is controlled to be placed in the most suit- 
able position to achieve a desirable activation. In order 
to prevent the modification or deterioration of the SIC 
substrate 1 caused by the irradiation of the laser light 5, 
it is preferable that the focal point be at first set at a po- 
sition away from the surface of the SiC substrate 1 and 
thereafter be brought close to the SiC substrate 1 . 
[0023] It is to be noted that a method of controlling the 
focal point is not limited to such a method as described 
above. For example, the control may be carried out by 
detecting the position of the surface of the SiC substrate 
1 by means of a position sensor. In addition, when the 
distance between the focal point and the surface of the 
SiC substrate can be maintained constantly, the position 
of the sample table 11 may be determined in advance 
and need not to be controlled during the laser annealing. 
[0024] In addition, by controlling the focal point in 
such a manner as described above, an intensity of laser 
light Irradiation to the SiC substrate 1 can be readily con- 
trolled. However, the intensity of the laser light irradia- 
tion may be controlled by modulating the laser light 
based on the results of the detection of the plume and 
the like method. 

[0025] Secondly, control of the wavelength of the la- 
ser light 5 is detailed. A wavelength of the laser light 5 
was set at various wavelengths ranging from 1 0.64 urn 
to 9.43 um, to cany out the impurity activation, and a 
photoluminescence spectrum was measured regarding 
each of the resulting SiC substrates 1 1n the same man- 



urn), has been employed in order to provide energy to 
the electron system In the subjected semiconductor. In 
contrast, a method in accordance with the present in- 
vention employs a light having a longer wavelength than 
s the wavelength that causes the band edge absorption, 
particularly, a light having such a wavelength that an ab- 
sorption for a bond of an Impurity element and an ele- 
ment composing a semiconductor is caused. By em- 
ploying such a light, activation by directly exciting the 
0 lattice vibration between an impurity element and an el- 
ement constituting a semiconductor is made possible, 
and therefore such advantageous effects are achieved 
that the degree of an activation can be readily improved 
with high efficiency and that a laser system with a small 
5 output power can be employed. 

[0028] It is noted that the above values are the exam- 
ples in the case of employing SiC and Al, and when other 
impurity elements are employed, a light having a wave- 
length based on the theory as described above may be 
» used depending upon the compositions. 

[00291 Further, the above-descrrbed example may in- 
clude such steps as a step of enclosing an inert gas such 
as argon (Ar) and the like in the chamber 21 and there- 
after carrying out the laser annealing in such atmos- 
' phere, a step of heating the SiC substrate 1 to a tem- 
perature of approximately 1 000 °C or lower, and a step 
of cooling the SiC substrate 1. It is preferable to add 
such steps to the above example in that the effects of 
the invention are further increased, and the controllabil- 
ity is further improved. 

[0030] The material is not limited to a single crystal 
material, and the same effects are also attained in the 
case of employing amorphous semiconductor materials 
id the like. 



asm the above example where the focal point was ss [0031] Although a free-electron laser is used in the 

varied. The results of the measurement are shown in above example in order to make a comparison in various 

Fig. 6. (It is to be noted that, in Fig. 5, for the sake of wavelengths, a laser system with a fixed wavelength 

clarity, an interval of 0.05 scale in the direction of the y- may be used insofar as a predetermined wavelength as 
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described above Is obtained. In particular, since a rela- 
tively long wavelength is utilized, the productivity can be 
readily increased by using a C0 2 laser and the lite. 

Semiconductor Device s 

[0032] Now, there is explained an example of an SiC 
diode utilizing the SiC in which impurity Ions are Implant- 
ed and activated In the same manner as in the above 
example. ;a 
10033] Fig. 6 shows a schematic diagram of the steps 
of producing an SiC diode according to a method of dop- 
ing impurities in accordance with the present invention. 

(1 ) As shown in Fig. 6(a), an insulation layer (oxide is 
layer) 32 Is formed on the whole surface of an n- 
type SiC substrate 31 by a thermal oxidation, CVD, 
sputtering, and the lite method, and thereafter an 
aperture 32a is formed by a photolithography and 
etching. For the insulation layer 32, an oxide layer, 20 
a nitride layer, or a combination layer of an oxide 
layer and a nitride layermay be used. The insulation 
layer 32 may be omitted depending upon the con- 
struction of the devices to be produced. 

(2) As shown in Fig. 6(b) , using the insulation layer 2S 
32 as a mask, Al Ions 33 are selectively implanted, 
and an Al implanted layer 34 is thereby formed. 

(3) As shown In Fig. 6(c), by irradiating a laser light 

35 having a wavelength of 9.8 urn, a p-type doped 
Iayer36 in which the impurity is activated is formed, so 

(4) As shown in Fig. 6(d), an aperture 32b is formed 
on the back surface of the insulation layer 32. 
Thereafter, as shown in Fig. 6(e), a nickel (Ni) layer 
Is deposited, and an n-type ohmlc electrode 37 is 
formed by etching and heating treatment. 35 

(5) As shown in Fig. 6(f), an Al layer Is deposited 
over the surface on which the p-type doped layer 

36 is formed, and thereafter an ohmic electrode 38 
is formed by etching and heat treatment. 

40 

[0034] Fig. 7 shows the characteristics of a diode 
made in accordance with the foregoing steps. The 
dashed line in the same figure shows the characteristics 
of a prior art diode made by an impurity activation by a 
heat treatment at 1500 °C, as explained in the back- « 
ground art herein. As shown in Fig. 7, It Is understood 
that, according to the present invention, an advanta- 
geous diode having an excellent breakdown voltage 
characteristic and the like characteristics is achieved 
without such a high temperature heat treatment at 1 000 so 
°C or higher. 

[0035] Although an example of forming a diode is ex- 
plained herein, various devices such as transistors and 
FETs (field-effect transistors) can be produced by the 
same doping (activation) method as described above, ss 
for example, with appropriately selecting device con- 
structions and masks. 



INDUSTRIAL APPLICABILITY 

[0036] The present invention can be realized accord- 
ing to the examples described thus far, and exh ibits ad- 
vantages as described below. 
[0037] Specifically, by utilizing a light having a wave- 
length longer than a wavelength by which a band edge 
absorption is caused in the semiconductor, and more 
specifically a light having approximately a wavelength 
by which a resonance absorption Is caused by the char- 
acteristic vibration in the bond of the impurity element 
and the elements constituting the semiconductor, it is 
made possible to carry out an impurity activation with a 
high efficiency and high reliability, even when a laser de- 
vice with a relatively small output power is employed. In 
particular, an activation of a p-type impurity In SiC, which 
has been difficult, can be carried out with an extremely 
high efficiency. 

[0038] Accordingly, the present invention is useful, 
since it is applicable to such fields as fabrication of sem- 
iconductor devices and the like. 



Claims 

1 . A method of activating a semiconductor impurity by 
irradiating a semiconductor comprising a major 
semiconductor element and an impurity element 
with light to activate the impurity element, wherein: 

said major semiconductor element is silicon 
carbide; 

said impurity element is one of aluminium, bo- 
ron, and gallium; 

said light has a wavelength that Is longer than 
a wavelength causing band edge absorption of 
the semiconductor; 

said wavelength is such that resonance ab- 
sorption is caused by a characteristic vferation 
in a bond of an element constituting said major 
semiconductor element and said impurity ele- 
ment; and 

using said light, said impurity element is acti- 
vated by selectively vibrating a bond between 
said Impurity element and said element consti- 
tuting said major semiconductor element in 
said semiconductor. 

2. A method of activating a semiconductor impurity ac- 
cording to claim 1 , In which said light is applied after 
said impurity element is Implanted into said major 
semiconductor element. 

3. A method of activating a semiconductor impurity ac- 
cording to claim 1, in which said semiconductor is 
formed by Implanting said impurity element in a thin 
film comprising said major semiconductor element 
or in a substrate comprising said major semicon- 
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ductor element. 

4. A method of activating a semiconductor Impurity ac- 
cording to claim 1 , 2, or 3 in which said light has a 
wavelength of 9.5 urn to 10 urn. 

5. A method of activating a semiconductor impurity ac- 
cording to any preceding claim, in which said light 
is laser light. 

«. A method of activating a semiconductor impurity ac- 
cording to claim 5, in which: 

said laser light is focused on a focal point adja- 
cent to a surface of the semiconductor; and 
said impurity element in a predetermined re- 
gion in the semiconductor is activated by scan- 
ning the semiconductor with the laser light. 

7. A method of activating a semiconductor Impurity ac- 
cording to claim 5. in which: 

said laser light Is focused on a focal point adja- 
cent to a surface of the semiconductor; and 
the irradiation Intensity of the laser light is con- 
trolled by controlling the distance between the 
focal point and the surface of the semlconduc- 



sufficiently close to a surface of the semicon- 
ductor such that a plume is caused, and 
irradiation of the laser light Is carried out by de- 
tecting a plume caused in the case where irra- 
diation intensity of the laser light Is Increased, 
and controlling the laser light to be focused on 
such a position that the plume starts to be de- 



'o 11. A method of activating a semiconductor impurity ac- 
cording to any preceding claim, in which only a pre- 
determined region in the semiconductor Is selec- 
tively irradiated with said light by using a member 
for masking. 

15 

12. Amethodofactivatingasemiconductorimpurityac- 
cording to any preceding claim, in which said light 
has a wavelength of 9.6 to 9,8 urn. 



Verfahren zur Aktivierung einer Halbleiterstbrstelle 
durch Bestrahlung eines Halbleiters, der aus einem 
Haupthalbleiterelement und einem Storstellenele- 
mentbesteht, mit Licht.un 



8. A method of activating a semiconductor impurity ac- 
cording to claim 5, in which: 

said laser light is focused on a focal point on or 
sufficiently close to a surface of the semicon- 
ductor such that a plume is caused, and 
irradiation of the laser light Is carried out by de- 
tecting a plume caused in the case where irra- 
diation Intensity of the laser light Is Increased, 
and controlling the irradiation intensity to be 
such an intensity that the plume starts to be de- • 
tected. 

9. A method of activating a semiconductor impurity ac- 
cording to claim 5, in which: 

said laser light is focused on a focal point adja- 
cent to a surface of the semiconductor; and 
irradiation of the laser light is so controlled that 
the focal point of the laser light is a position be- 
tween the light source of the laser light and the i 
surface of the semiconductor, the position hav- 
ing a predetermined distance from the surface 
of the semiconductor. 



das Storstellenelement eines der Elemente 
Aluminium, Bor und Gallium ist; 



das Licht elne Wellenlange besitzt, die langer 
ist, als elne Wellenlange, die Bandkantenab- 



gung einer Blndung eines den Halblelter auf- 
bauenden Elements mit dem Storstellenele- 
ment verursacht wird; 

durch Gebrauch des Lichts das Storstellenele- 
ment durch selektives Schwlngen einer Bln- 
dung des Storstellenelements mit dem das 
Haupthalbleiterelement aufbauenden Element 
im Halbleiter aktiviert wird. 

2. Verfahren zur Aktivierung einer Halbleiterstorstelle 
nach Anspruch 1 , bel dem das Licht angewandt 
wird, nachdem das Storstellenelement in das 
Haupthalbleiterelement implantlert wurde. 



10. A method of activating a semiconductor impurity 
cording to claim 5, in which: 



& 3. Verfahren zur Aktivierung einer Halbleiterstorstelle 
nach Anspruch 1 , bei dem der Halbleiter durch Im- 
plantierung des Storstellenelements in einen dun- 
said laser light is focused on a focal point on or nen Film, der aus dem Haupthalbleiterelement be- 
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steht, oder in ein Substrat, das aus dem Haupthab- 
leiterelement besteht, geblldet wird. 

4. Verfahren zur Aktivierung einer Halbleiterstorstelle 
nach Anspruch 1 , 2 oder 3, bei dem das Licht eine s 
Wellenlange von 9.5 (im bis 10 um besitzt. 

5. Verfahren zur Aktivierung einer Halbleiterstorstelle 
nach einem der voranstehenden Anspriiohe, bel 
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Bestrahlung mit dem Laserllcht so gesteuert 
wird, dass der Brennpunkt des Laseriichts zwi- 
schen die Lichtquelle des Laseriichts und die 
Oberflache des Halblelters positioniert wird, 



Ab- 

stand von der Oberflache des Halbleiters be- 



dem das Licht ein Laserllcht ist. 

6. Verfahren zur Aktivierung einer Halbleiterstorstelle 
nach Anspruch 5, bei dem: 

das Laserlicht auf einen Brennpunkt fokussiert 
wird, der an der Oberflache des Halbleiters 
liegt; und 

das Storstellenelement in elnem vorbestlmm- 
ten Bereich im Halbleiter durch Abtasten des 
Halbleiters mit dem Laserlicht aktiviert wird. 

7. Verfahren zur Aktivierung einer Hatoleitersterstelle 



10. Verfahren zur Aktivierung einer Halbleiterstorstelle 
nach Anspruch 5, bei dem: 

das Laserlicht auf einen Brennpunkt fokussiert 
wird, der an oder hinreichend nahe der Ober- 
flache des Halblelters liegt, so dass ein kunst- 
liches Echo erzeugt wird; und 

Bestrahlung mit dem Laserlicht ausgefuhrt 
wird, und zwar durch Detektieren eines kunst- 
llchen Echos, das in dem Fall verursacht wird, 
bei dem die Bestrahlungsintensitat des Laser- 
iichts gesteigert wird, und durch Steuem des 
Laseriichts derart, dass es an solch eine Posi- 
tion fokussiert wird, dass das kunstliche Echo 
irt zu werden. 



das Laserlicht auf einen Brennpunkt fokussiert 
wird, der an der Oberflache des Halbleiters 
liegt; und 

die Strahlungsintensltat des Laseriichts durch 
Steuerung der Distanz zwischen dem Brenn- 
punkt und der Oberflache des Halbleiters ge- 
steuert wird. 

8. Verfahren zur Aktivierung einer Halblelterstarstelle f 
nach Anspruch 5, bei dem: 

das Laserlicht auf einen Brennpunkt fokussiert 
wird, der an oder hinreichend nahe der Ober- 
flache des Halblelters liegt, so dass ein ktlnst- 1. 
liches Echo erzeugt wird; und 

Bestrahlung mit dem Laserlicht ausgefuhrt 
wird, und zwar durch Detektieren eines kunst- 
llchen Echos, das In dem Fall verursacht wird, « 
bei dem die Bestrahlungsintensitat des Laser- 
iichts gesteigert wird, und durch Regelung der 
Bestrahlungsintensitat auf solch eine Intensi- 
tat, dass das kunstliche Echo beginnt, detek- 
tlertzu werden. to 

9. Verfahren zur Aktivierung einer Halbleiterstorstelle 
nach Anspruch 5, bei dem: 

das Laserlicht auf einen Brennpunkt fokussiert «s 
wird, der an der Oberflache des Halbleiters 
liegt; und 



11. Verfahren zur Aktivierung einer Halbleiterstorstelle 
nach einem der voranstehenden Anspriiohe, bei 
dem nur ein vorbestimmter Bereich im Halbleiter 
selektiv mit dem Licht durch Verwendung eines Ele- 
ments zur Maskierung bestrahlt wird. 

12. Verfahren zur Aktivierung einer Halbleiterstorstelle 
nach einem der voranstehenden Anspriiche, bei 
dem das Licht eine Wellenlange von 9.6 u.m bis 9,8 



Precede d'activation d'une impurete de semi-con- 
ducteur par irradiation d'un semi-conducteur cove- 
nant un element principal desemi-conducteuret un 
element tfimpurate, par de la lumiere pour ('activa- 
tion de I'etement d'lmpurett, dans iequel : 

Element principal de seml-conducteur est le 
carbure de silicium, 

l'6lement d'impurete est un element choisi par- 
mi I'aluminium, le bore et le gallium, 
la lumiere a une longueur d'onde superleure a 
une longueur d'onde qui provoque une absorp- 
tion 6 une limlte de bande du semi-conducteur, 
la longueur d'onde est telle que I'absorption de 
resonance est provoquee par une vibration ca- 
ractSristique dans une liaison d'un element 
constituant ('element principal de semi-conduc- 
teur et I'element d'lmpuretd, et, 
par utilisation de lumiere, I'element d'impurete 
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est active par mlse selective en vibration d'une 
liaison entre I'element d'impurete et I'element 
oonstituant I'element principal de semi-conduc- 



ProcSde d'activation d'une impurete de semi-con- 
ducteur selon la revendication 1 , dans lequel la lu- 
miere est appliques apres que I'element d'impurete 
a ete implante dans I'element principal de semi-con- 



Procede d'activation d'une impurete de semi-con- 
ducteur selon la revendication 1, dans lequel le 
semi-conducteur est forme par implantation de 
I'element d'impurete dans une couche mince com- 
prenant I'element principal de semi-conducteur ou 
dans un substratcomprenant I'element principal de 
semi-conducteur. 

Procede d'activation d'une Impurete de semi-con- ; 
ducteurselon la revendication 1 , 2 ou 3, dans lequel 
la lumiere a une longueurd'ondecomprise entre 9,5 
et 1 0 urn. 

Precede d'activation d'une Impurete de semi-con- 'i 
ducteurselon I'une quelconque des revendications 
precedentes, dans lequel la lumiere est la lumiere 
d'un laser. 

Precede d'activation d'une impurete de semi-con- i 
ducteurselon la revendication 5, dans lequel : 



la lumiere du laser est focalisee sur un point 
focal adjacent a une surface du semi-conduc- 
teur, et 

I'element d'impurete dans une region predeter- 
tninee dans le semi-conducteur est active par 
balayags du semi-conducteur par la lumiere la- 



Procede d'activation d'une impurete de semi-con- 
ducteur selon la revendication 5, dans lequel : 

la lumiere laser est focalisee sur un point focal 
adjacent a une surface du semi-conducteur, et is 
I'intenslte d'irradiation de la lumiere laser est re- 
glee par reglage de la distance comprise entre 
le point focal et la surface du semi-conducteur. 

Precede d'activation d'une impurete de semi-con- so 
ducteur selon la revendication 5, dans lequel : 

la lumiere laser est focalisee sur un point focal 
qui se trouve a la surface du semi-conducteur 
ou suffisamment proche pour qu'un panache ss 
soit forme, et 

I'irradiation par la lumiere laser est realisee par 
detection du panache forme dans ie cas ou I'in- 
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tensite d'irradiation de la lumiere laser est ac- 
crue, et par reglage de I'intenslte d'irradiation a 
une Intenslte telle que le panache commence 
a&redetecte. 

9. Procede d'activation d'une impurete de semi-con- 
ducteur selon la revendication 5, dans lequel : 

la lumiere laser est focalisee sur un point focal 
> adjacent a une surface du semi-conducteur, et 

I'irradiation par la lumiere laser est reglee de 
maniere que le point focal de la lumiere laser 
ait une position comprise entre la source de lu- 
miere laser et la surface du semi-conducteur, 
1 la position etant a une distance predeterminee 

de la surface du semi-conducteur. 

10. Procede d'activation d'une impurete de semi-con- 
ducteur selon la revendication 5, dans lequel : 

la lumiere laser est focalisee en un point focal 
a la surface du semi-conducteur ou suffisam- 
ment proche de cette surface pour qu'un pana- 
che soit cr66, et 

I'irradiation par la lumiere laser est realisee par 
detection cfun panache cree dans lecas ou I'in- 
tensite d'irradiation de la lumiere laser est ac- 
crue et par reglage de la lumiere laser afin 
qu'elle soit focalisee a une position telle que le 
panache commence a etre detects. 

11. Procede d'activation d'une Impurete" de semi-con- 
ducteur selon I'une quelconque des revendications 
precedentes, dans lequel seuie une region prede- 
terminee dans Is semi-conducteur est irradiee se- 
lectivement par la lumiere a I'aide d'un organe de 
masque. 



12. Procede d'activation d'une in 

ducteurselon I'une quelconque des revendications 
precedentes, dans lequel la lumiere a une longueur 
d'onde comprise entre 9,6 et 9,8 urn. 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 7 




